A 10-yr longitudinal study of a large biracial cohort of girls revealed a precipitous drop in habitual physical activity during adolescence (13) . During the same period in this cohort, the prevalence of overweight and obesity doubled without being accompanied by a parallel increase in energy intake (15) . A recent publication showed that decrease in habitual activity in this cohort was significantly associated with a greater increase in body mass index (BMI) and overall physical activity status during adolescence had an impact on gain in BMI (16) . The factors associated with this decline in activity included lower levels of parental education, teen pregnancy, smoking, and higher body mass index (13) . For those who had become sedentary, however, the underlying reasons still remain largely unknown.
Information on factors associated with decreased physical activity is mostly derived from responses to survey questionnaires. The most frequently reported barrier to activity participation in other studies and also periodic national surveys such as the Gallup poll is lack of time (1, 3, 4, 8, 10, 18, 27, 28) . Yet, it is not known whether this is primarily subjective or internal since it is a self-reported response or external due to an actual limitation of time (1, 10, 25, 26, 29) . Two studies have found almost one half of surveyed girls cited lack of time as their primary reason for not participating in physical activities, and more than a third stated that they were not interested in exercising (3, 4) . Among sedentary teenagers and young adults, other widely cited barriers to activity participation include lack of interest or motivation and fatigue (1, 3, 4, 27) . Other commonly reported barriers include inconvenience, too much school work, inclement weather, job responsibilities, not being the athletic type, no exercising among their peers, dislike for exercising alone, self-conscious about their looks, lack of transportation, and unsafe neighborhoods (3, 4, 8, 10, (17) (18) (19) (20) (21) (22) (23) (24) (27) (28) (29) (30) (31) . Childcare responsibilities and family obligations have also been identified as barriers to activity participation among young and minority women (3, 30) .
This study was conducted to identify barriers to activity participation during adolescence in a biracial cohort of sedentary girls. Another goal was to corroborate the selfreported barriers with other corresponding information to further understand if they were perceived or related to external circumstances.
METHODS
NHLBI Growth and Health Study cohort. The NGHS is a multicenter, prospective study of obesity development in 2379 girls (1213 black and 1166 white) who were followed annually from ages 9 or 10 to 18 or 19 yr. Recruitment was school-based at two sites and the third site used the roster of a health maintenance organization. The study design and protocol have been reported (12, 20) . Written informed consent was obtained from all participants and the NGHS protocol was approved by the institutional review board at all participating centers.
Selection of subjects for the examination of barriers to activity participation. To identify girls who were sedentary, the following screening question was asked: ''In general, how often do you do physical activities like dancing, exercising, or sports?'' Only those who answered ''sometimes'' (1-2 times per week) or ''rarely'' (e1 time per week) were categorized as sedentary. This survey was administered for three consecutive years from ages 16 or 17 to 18 or 19 yr, a time when overall activity levels had declined by 83% (13) . Only those categorized as sedentary were further surveyed to identify barriers to activity participation using a 10-item questionnaire. Barrier scores were calculated by summing the number of affirmative (i.e., ''yes'') responses to each of the 10 listed items.
Assessment of habitual physical activity. Levels of physical activity were assessed with a ''habitual activity'' questionnaire (HAQ) that was administered concurrently with the barrier survey for three consecutive years. HAQ score (expressed as MET-times per week) was derived from the type and frequency of sports or physical activities performed outside of school over the past year (11) . The HAQ method and its longitudinal validation have been reported (11) .
Occupational and household chores information. The HAQ also collected information on the number of weekly hours of work (paid and volunteer) and doing household chores after school hours during the 3-yr study period.
Sedentary activities. Average daily minutes spent specifically in sedentary activities (e.g., sitting, reading, talking on the phone, watching TV, and listening to music) were estimated from activity menu items from a longitudinally validated 3-d activity diary administered at ages 16 or 17 (year 8) and also at ages 18 or 19 yr (year 10) (11) . A separate estimate of time spent watching TV, videos, or computer games (hIwk j1 ) was obtained from years 8 to 10 from the HAQ.
Sleep time. The information on average daily hours of sleep was obtained from the years 8 and 10, 3-d activity diaries where the participants were requested to record the time of going to bed and morning wake-up.
Infant and child care. Energy expenditure (METI minId j1 ) related to child and infant care was also estimated from the 3-d activity diary administered at ages 18 or 19 yr (year 10).
Anthropometric measurements. Body mass index (weight in kilograms divided by height in meters squared) was calculated annually for years 8-10 by using the respective height and weight measured to the nearest 0.1 cm and 0.1 kg, respectively, by centrally trained examiners.
Socioeconomic status, childbirth, and smoking. Information on total household income and maximal education achieved by either parent was collected at the baseline (1987 to 1988) NGHS visit when the participants were ages 9 or 10 yr. Information on childbirth and smoking status was collected annually in years 8-10. The girls were asked if they had ever given birth to a child. Smoking status was categorized as positive if a girl answered yes when asked whether she smoked daily, almost daily, or weekly.
Psychosocial information. The NGHS core protocol in years 8-10 collected extensive psychosocial information regarding health beliefs, including how often participants do physical activities with their friends, whether they would rather do other things than exercise, and how they feel about their body.
Statistical methods. Two sample t-tests, # 2 tests, or Wilcoxon two-sample tests were used to examine racial differences in the descriptive characteristics of the study population. The # 2 tests were used to assess racial differences between those responding, ''yes'' to each barrier item.
To corroborate whether or not the cited obstacles were associated with other reported factors, the response to each barrier item was cross-examined with corresponding information from the NGHS database. This was done with twosample t-tests or longitudinal logistic regression analysis.
Longitudinal regression analysis with generalized estimating equations (SAS/STAT Version 8.1 Proc Genmod) was carried out to examine whether barrier scores predicted habitual activity scores over the 3-yr study period (32) . Other predictor variables included in this model were age (study year), race (reference category = white), maximal parental education (reference category = Q4 yr of college), ever given birth (reference category = never), cigarette smoking (reference category = never), and BMI because they have all been previously identified as significant predictors of habitual activity score (13) . Interaction between barrier score and race was also examined. Because a significant interaction was found between barrier score and race (P = 0.01), race-specific models were constructed.
To examine the predictors of total barrier score, racespecific generalized estimating equation models were constructed and included the following potential confounders and corroborating factors: age (study year), hours working at a job, TV or video watching, ever given birth (reference category = never), ''would rather do other things than exercise'' (reference category = no), maximal parental education (reference category = Q4 yr of college), and BMI. This analysis was repeated with hours of household chores in place of hours working at a job.
A modified Bonferroni procedure was applied to adjust for multiple comparisons, both within and across study years (9) . All statistical analyses were generated using SAS, version 8.1.
RESULTS
Of the entire NGHS cohort surveyed for three consecutive years, the frequency of those deemed sedentary was 46% (898 of 1951) at ages 16 or 17 yr, which increased to 55% (1092 of 1979) at ages 17 or 18 yr, and to 59% (1195 of 2015) at ages 18 or 19 yr. Significant differences were found in median habitual activity scores between sedentary and active girls at all three study years, 0 MET-times per week versus 9 MET-times per week for year 8, 0 MET-times per week versus 15.4 MET-times per week for year 9, and 0 MET-times per week versus 18.5 MET-times per week for year 10, P G 0.0001 for all comparisons. Among sedentary girls, median HAQ scores were significantly (P G 0.0001) lower for black girls than for white girls for all 3 yr (Table 1) . Black girls spent twofold greater time watching TV or videos than white girls (Table 1) . Sedentary black girls were significantly heavier than sedentary white girls at all ages by about 3.0 kgIm j2 . The frequency of reporting ''ever given birth'' at ages 18 or 19 yr was 35% for black girls compared with 15% for white girls, whereas the prevalence of smoking was threefold greater among white girls (47%) than for black girls (16%).
The most frequently cited barriers to physical activity participation for this cohort of sedentary girls are listed in Table 2 . For both races, the barrier, ''I don't have time,'' was reported by >60% of girls for all 3 yr from ages 16 or 17 to 18 or 19 yr. Other frequently cited barriers include ''I'm too tired,'' ''They don't interest me,'' ''I'd have to do them alone,'' ''There's no place to do them,'' and ''I'm bad at them.'' The frequency of the two top barriers increased with age. Significantly (P = 0.002) more white girls than black girls reported lack of time as a barrier at all ages. White girls were also significantly more likely to cite ''I'm too tired,'' ''I'm bad at them,'' and ''There's no place to do them'' than black girls. On the other hand, black girls were more than twice as likely as white girls to answer that their ''safety'' was a major barrier to activity participation with the racial difference widening with age.
To further discriminate whether the most frequently cited barriers were primarily internally perceived or if they were related to external circumstances, we cross-examined the response to the barrier questions with other reported information on potentially corroborating external factors (Table 3) . For the barrier, ''I don't have time,'' the number of weekly hours spent in working at a job was compared between those who answered ''yes'' and those who answered ''no.'' No significant difference was noted between these two groups for all 3 yr. Similar results were found for the time spent doing household chores. When time spent watching TV, videos, or computer was compared among those citing ''yes'' or ''no'' to ''I don't have time,'' those who said ''no'' reported significantly greater hours per week watching TV than those who said ''yes,'' P = 0.003, for all 3 yr. Additionally, no significant differences were seen in the average daily minutes spent in sedentary activities such as reading and listening to music between the ''yes'' and ''no'' groups for lack of time. This particular activity diary menu item was used as a surrogate measure of homework between the ''yes'' and ''no'' groups, 100.8 minId j1 vs 96.0 minId j1 , respectively. The impact from ''ever given birth'' was also examined as a potential corroborating factor for the barrier ''I don't have time.'' No significant differences were found between those who cited this barrier and those who did not for 2 of 3 yr of the study.
The second most frequently cited barrier was ''I'm too tired.'' Hours spent working at a job or doing household chores was not related to answering ''yes'' or ''no'' (Table 3) . Those reporting ''I'm too tired'' averaged 8.3 h per night of sleep, whereas those who answered ''no'' averaged 8.6 h per night, P = 0.77-0.85. Also, no differences between those who said ''yes'' or ''no'' to being tired and the frequency of ever given birth or energy expenditure related to child care ( Table 3) .
The third most frequently cited barrier to activity participation was lack of interest. Generally, no association was found between lack of interest and time spent watching TV, videos, or computer games and those who said ''yes'' or ''no'' to this barrier item (Table 3) . Those who reported ''they don't interest me'' were 3.4 times more likely, P G 0.0001 (95% confidence interval, CI = 2.84, 4.14), to also answer ''yes'' to the statement, ''most of the time, I would rather do other things than exercise.'' The fourth barrier (cited by less than 30% of the cohort) was exercising alone. Those who answered ''yes'' were 2.1 times more likely, P = 0.002 (95% CI = 1.41, 2.99), to have reported never exercising with their friends than those who answered ''no.'' Girls from lower household income families were twice more likely, P G 0.0001 (OR = 2.2, 95% CI = 1.60, 2.99), to answer, ''yes'' to lack of safety (the seventh frequently cited item). On the other hand, there was a suggestion (P = 0.07) that girls who answered ''yes'' to having no place to do physical activity (5th frequently cited item) were less likely (OR = 0.80, 95% CI = 0.63, 1.02) to come from households with annual income of G$10,000.
Other cited barriers were also examined. Girls who answered, ''yes'' to ''I'm bad at them'' were 5.8 times more likely, P G 0.0001 (95% CI = 4.44, 7.64) to disagree with the statement, ''I feel I am good at sports.'' Those who answered ''yes'' to ''I look bad when I do them'' were 2.4 times more likely, P G 0.0001 (95% CI = 1.82, 3.16), to answer that they were ''unhappy'' with their body. Those girls answering, ''yes'' to this item had * P = 0.002 for the comparison with black girls using modified Bonferroni adjustment for multiple comparisons. † P = 0.05 for the comparison with black girls using modified Bonferroni adjustment for multiple comparisons. greater BMI (P G 0.001) for all 3 yr by 3.0 kgIm j2 to 5.7 kgIm j2 than those who did not. Race-specific longitudinal regression analyses showed that the barrier score was significantly and inversely associated with the habitual activity score for both races, after accounting for the effects of age, BMI, parental education, pregnancy, and smoking (Table 4) . Each onepoint (equivalent to one barrier item) increase in the barrier score was associated with lower HAQ scores by 0.27 MET-times per week, P = 0.009 for black girls and 0.69 MET-times per week, P G 0.0001 for white girls, on average over the 3-yr period. The effect of the barrier score on habitual activity score remained essentially unchanged with age, P = 0.43.
The predictors of barrier scores were examined using race-specific longitudinal regression analyses (Table 5) . For both races, significant predictors of barrier scores included ''would rather do other things than exercise'' and BMI. The number of weekly hours at work, TV watching, having given birth, and parental education were not significant predictors. Similar results were found when the analysis was repeated with hours spent doing household chores in place of hours spent working at a job.
DISCUSSION
At present, little is known why girls become particularly inactive during adolescence (1, 7, 13, 27) . We surveyed self-reported factors that were cited as barriers to activity participation in girls identified as being particularly sedentary among the NGHS biracial cohort, which as a group experienced an activity decline by 83% during adolescence (13) .
The most commonly viewed barriers to activity participation were generally the same reported in other studies as well as periodic Gallup poll surveys of adults. These most frequently cited obstacles to activity participation appear mostly subjective, rather than external. For instance, no evidence suggests that the two most frequently cited factors (i.e., lack of time and fatigue) were actual barriers because these girls did not work more hours after school or had less sleep than those who answered ''no'' to these barriers. Further, no difference was found in time spent in sedentary activities between those citing and not citing this barrier. On the other hand, those who cited ''no interest'' as a barrier also answered that they would rather be doing other things than exercise. We also found that these selfreported obstacles to activity participation were significantly associated with the decline in activity in the latter period of adolescence, from ages 16 or 17 to 18 or 19 yr.
Because lower socioeconomic status has been consistently associated with lower levels of physical activity, it is generally assumed that the underlying cause may be lack of a safe environment for physical activity (13, 19, 22) . A similar mechanism has been conjectured for minority populations who also generally have lower levels of activity (5) . Although black girls consistently had lower levels of activity than white girls, even among those identified as sedentary, and also experienced a greater decline in activity (13) , only 10% of sedentary black girls cited concern for safety (the seventh most frequent) as a barrier to activity participation. One notable finding was the relatively universal nature of these barriers, regardless of ethnicity and socioeconomic status.
An unexpected finding in our study is that the barrier score was actually lower among black girls than in white girls. Hence, the greater decline in activity participation among black girls may reflect cultural differences and beliefs about activity participation, which may not have been captured by our questionnaire. The commonly held a Model is also adjusted for the effect of age (study year). b References: Parental education = at least 4 yr of college; ever given birth = never; cigarette smoker = never.
*P value for differences across categories of parental education. a Model is also adjusted for the effect of age (study year). b References: Ever given birth = never; would rather do other things than exercise = no; parental education = at least 4 yr of college.
* P value for differences across categories of parental education.
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belief of concern about safety as a barrier among black girls was not found to be a major factor underlying their lower levels of activity. This study has several strengths. A major strength is longitudinal ascertainment of barriers over three consecutive years in a biracial cohort who experienced a marked decline in physical activity and had become sedentary. Another feature of our study, unlike other published reports, was our ability to cross-examine the response with other information extensively collected in the same cohort. This examination entailed both cross-sectional evaluation as well as longitudinal regression analysis with adjustment for other potential confounders. Thus, we were able to corroborate whether the reported common barriers such as ''I don't have time'' and ''I'm too tired'' were primarily internal or related to reported external factors. Our results provide some insight into what is viewed as significant barriers to activity among the sedentary. Although the barrier questionnaire was not developed as a psychometric instrument, its face validity, nevertheless, was assured by the presence of the highly significant association between the barrier score and habitual activity scores in longitudinal regression analysis.
One potential weakness may be that our study was limited to sedentary girls. Comparison of the data from the survey of the entire cohort the year preceding the barrier survey study (i.e., year 7 or ages 15 or 16 yr) and the current longitudinal series of the three surveys of sedentary girls, however, revealed that the five most frequently cited barriers were the same (data not shown). We did not include this survey in this study only because this prior survey used a Likert scale rather than dichotomous responses used in this study. Otherwise, the questionnaires were essentially identical, but the earlier survey lacked one item on medical condition or disability. Because the barriers remained stable over the 3 yr, one could surmise that the leading barriers to physical activity would have been the same even if the entire cohort had been surveyed annually. This earlier survey of the entire cohort also showed significantly (P G 0.0001) fewer barriers cited by the more active girls (0.26) than did less active girls (0.83). As more active girls perceived less number of barriers when the entire cohort was included in the survey, one could assume that sedentary girls tend to perceive a greater number of barriers. Others have also reported that the barriers to activity for active girls differed qualitatively from those of sedentary girls (25, 27) . They generally tended to center around injury and acute illness (25, 27) , rather than the more subjective types of barriers reported by our sedentary group.
Our findings suggest some potential public health as well as individual approaches for designing interventions to increase physical activity among sedentary adolescent girls. For instance, the most frequently cited barrier was the self-perceived notion of lack of time. Thus, public health education and counseling for adolescent girls might include coping strategies for time management. The screening question on the weekly frequency of activity participation could also serve as a potential simple diagnostic tool in the clinical setting to identify sedentary subjects. Additionally, the specific response to the questionnaire can be used to develop individualized counseling prescriptions to increase activity, adapting behavior modification techniques that are traditionally used for dietary counseling. The behavioral principles of self-efficacy can be particularly useful for the perceived barrier of lack of time (2) . Motivational interviewing could be used for those who expressed lack of interest in physical activity (6) .
The findings from NGHS showed a precipitous decline in habitual physical activity in this cohort during adolescence and a significant association between changes in activity and differential increase in BMI (13, 16) . Therefore, moderating this steep decline in activity levels as well as fostering greater activity participation can be another venue to address the dramatic increase in obesity occurring during adolescence. Thus, identification of barriers to participation in physical activity during adolescence has an important public health implication in combating the emerging pandemic of obesity among U.S. youth (14) .
